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Neurogenesis in the brain diminishes with age. In this issue of Cell Stem Cell, Encinas et al. (2011)
demonstrate that some hippocampal stem cells not only generate neurons, but also generate astrocytes
in a mechanism that leads to extinction of the stem cell pool.It has become accepted that neurons are
produced in the brains of adult mammals,
and newly generated neurons have been
shown to have functional importance
(Deng et al., 2010). The dentate gyrus
(DG) of the hippocampus is a major site
of neuron production into adulthood, and
is involved in the consolidation of cogni-
tive information, including some forms of
memory and spatial awareness. Neural
stem cells (NSCs) in the DG sit in a layer
below their prospective progeny, the
granule neurons (see Figure 1 for a sche-
matic). The production of functional
neurons is a dynamic process that con-
tinues throughout life in mammals, but
declines progressively with age. Much is
known about the pathophysiological
regulation of neuron formation and their
functional integration into the DG (Kem-
permann et al., 2004). However, the
mechanisms controlling these processes
and those behind the age-related decline
in neuron production remain unclear. A
long-prevailing theory suggested that
somatic stem cells are quiescent and
sporadically enter mitosis to feed a down-
stream lineage with more active progeni-
tors via asymmetric cell divisions. Al-
though this model offers a means for
genome preservation, by preventing the
accumulation of potentially deleterious
genetic aberrations in the stem cell pool,
the quiescent stem cell theory has been
challenged recently. Indeed, many mam-
malian tissues contain long-lived homeo-
static stem cells that divide frequently
(Li and Clevers, 2010); however, most
tissues still exhibit an age-related loss of
regenerative potential.
In this issue, Encinas et al. (2011)
present compelling evidence to propose
a mechanism responsible for the loss of
stem cells and neurogenesis in the adult
hippocampus. Recent evidence indicates464 Cell Stem Cell 8, May 6, 2011 ª2011 Elsthat the DG containsmultiple, morpholog-
ically distinct NSC populations (Lugert
et al., 2010; Suh et al., 2007). Type 1 radial
cells physically resemble their embryonic
ancestors by virtue of their long primary
process, but the adult type-1 cells divide
very infrequently (Deng et al., 2010). A
second proposed NSC population is non-
radial in appearance, is mitotically more
active, and has been speculated to be
the potential driver of homeostatic neuro-
genesis (Lugert et al., 2010; Suh et al.,
2007). These distinct NSCs do share a
common feature, in that their production
of neurons diminishes with age. By
applying genetic labeling and lineage-
tracing strategies that focused on radial
type-1 NSCs, Encinas et al. (2011) show
that these cells can generate committed
neurogenic progenitors by asymmetric
cell division. The authors refer to this pop-
ulation as quiescent neural progenitors, or
QNPs (Figure 1). Surprisingly, after only
a few rounds of continuous cell division,
the QNPs do not return to quiescence,
but instead differentiate into postmitotic
polymorphic astrocytes. Over time, this
behavior results in an accumulation of
astrocytes in the DG at the expense of
NSCs and the formation of new neurons
(Encinas et al., 2011). The authors use
these results to define a ‘‘disposable
stem cell’’ theory and offer it as a plausible
explanation for age-related loss of neu-
ronal progenitors in the DG. This outcome
is also compounded by the fact that DG
astrocytes function as potent regulators
of NSC maintenance and differentiation.
Thus, age-dependent generation of astro-
cytes may directly affect the local NSC
niche.
So how do these findings correspond
with the seemingly contradictory findings
that NSCs (Hattiangady and Shetty,
2008; Lugert et al., 2010) and Sox2-posi-evier Inc.tive progenitors (Suh et al., 2007) are still
present in the hippocampus of aged
animals, and that neurogenesis can be
reactivated by external stimuli? The sim-
plest explanation may be that the various
studies have examined different NSC
subpopulations that may be only partially
overlapping. For example, previous anal-
yses lacked lineage tracing, and the
current study did not indicate the propor-
tion of neurogenic NSCs that were labeled
and traced using this protocol (Encinas
et al., 2011; Lugert et al., 2010). Based
on their reported results, it is tempting to
speculate that the radial QNPs labeled
by Encinas et al. (2011) represent a
specialized bi- or multipotent progenitor
type, rather than a conventionally defined
NSC, and, as such, the QNPs harbor
a limited capacity for neuronal produc-
tion. This interpretation would be consis-
tent with the previous models that radial
cells serve as a reserve pool that is only
tapped under specific conditions (Kem-
permann et al., 2004).
Beyond the issue of how to define the
radial type-1 cells labeled by Encinas
et al. (2011), the relationship between
radial and horizontal NSCs remains an
intriguing question. To date, it is unclear
whether there is indeed a lineage connec-
tion between the two populations (Lugert
et al., 2010; Suh et al., 2007). Retroviral
labeling combined with lineage tracing
using Cre-recombinase technology sug-
gested that horizontal (nonradial) NSCs
rarely, if ever, generate radial NSCs. The
converse remains to be shown. However,
given the rate at which the traced radial
cells transition to generate neuroblasts
and neurons, as observed by Encinas
et al. (2011), and the speed at which
they become depleted suggests that
radial NSCs do not pass through the hori-





















Figure 1. Schematic View of Hippocampal Neurogenesis
Two populations of putative stem cells (radial and horizontal type-1, brown cells) are mostly quiescent, but
transiently enter mitosis (red arrows) and generate the downstream neural lineage of committed progen-
itors (type-2a), mitotic neuroblasts (type-2b, gray), postmitotic neuroblasts (type-3, gold), and eventually,
neurons (blue). Encinas et al. (2011) find that mitotic type-2 cells can be classed as active neural progen-
itors (ANPs). The authors propose a ‘‘disposable stem cell’’ theory, in which radial type-1 stem cells
(termed QNPs, or ‘‘quiescent neural progenitors’’) divide very infrequently, but in doing so differentiate
into astrocytes, thereby depleting the stem cell pool. Whether radial type-1 cells generate horizontal
stem cells or vice versa remains to be shown (dashed arrow).
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committed, transient, intermediate pro-
genitors (Encinas et al., 2011). This inter-
pretation could explain the persistence
of horizontal NSCs and Sox2-expressing
progenitors in the aged DG, should these
neurogenic populations lie outside radial-
to-neuron lineage path. It will be important
to substantiate the similarities and differ-
ences between these two cell types and
to compare the response of the radial
cells labeled by Encinas et al. (2011) to
pathophysiological stimuli, particularly
with respect to their proliferative, but
also neurogenic and astrogliogenic,
activity. Alternatively, the astrocytes
generated by the aged radial NSCs may
be dormant, rather than senescent, andtherefore capable of reactivation under a
set of appropriate circumstances. Indeed,
these newly generated astrocytes ex-
press Sox2, a transcription factor gener-
ally associated with neural progenitors,
and glial fibrillary acidic protein (GFAP),
a commonly usedmarker of NSCs. There-
fore, the morphological change in the
radial progenitor may not reflect a termi-
nally committed state. Further functional
analysis will be required to distinguish
between these possibilities.
All in all, the model that a combination
of NSCs entering a quiescent state over
time and, in the absence of a stimulus to
maintain neuron production, differentiate
into astrocytes is an attractive proposal
to consider. According to this paradigm,Cell Stem Cin order to maintain a pool of functional
stem cells in the DG, it may not be suffi-
cient to preserve the inactive state, but
instead that activity must be promoted in
order to inhibit differentiation. This model
may explain why active stem cells divide
rapidly in other tissues, such as the intes-
tine and skin, in that the heightened
activity may serve as a mechanism to
inhibit commitment and differentiation in
the event that the stem cells exit cell
cycle. Although an intriguing view, the
concept of ‘‘division-coupled astrocytic
differentiation’’ that leads to the loss of
neuronal progenitors during aging will
require further detailed, sophisticated
lineage and phenotypic analysis. It will
be important to use genetic tools to trace
the progeny of various NSCpopulations in
the adult brain and to assess any differ-
ences in their lineage potential. Clearly,
a central future question will be to under-
stand the molecular mechanisms that
regulate not only proliferation and differ-
entiation, but also stem cell maintenance.REFERENCES
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